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Introduction
Automotive brake systems are essentially an energy conversion device which converts kinetic
energy into heat energy. Various noncritical failure modes, mostly related to noise and vibration

nrohlems can occur durina hrake aoneration and are often related to thermal nhenomena. These
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problems are of significant cost to the industry and are a quality concern to automotive OEMs and
vendors. The User and Fellowship Programs at the High Temperature Materials Laboratory, Oak
Ridge Nationai Laboratory, are compiementing the industriai program at Ford Motor Company by
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Objectives and Approach

rord Motor Company has utilized ORNL facilities and expertise (o expand upon and complement
the research efforts at Ford Motor Company’s Scientific Research Laboratory. Work to date at
ORNL by Ford has taken advantage of the following capabilities:

- Through-thickness residual stress mapping

- Frintinnal etahilihy maaciiramante nf hralka nade
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- Thermophysical properties of various grey cast iron specimens
- Direct observation of thermoelastic instabilities in brake systems

esidual stresses may change the rate of deformatlon of the discs durlng severe
brakmg condltlons when the disc temperature is increased S|gn|f|cantly Neutrons are able to map
¢lastic strains and the strain gradients at locations within the thickness of SpEcimens due 1o the
low attenuation of neutrons in most engineering materials. Neutron diffraction was used to map
the residual strains in a production brake disc before and after a stress-relieving heat treatment.
Internal hoop, radial and axial strains were measured along the radius at mid thickness of the inner
and outer discs. Using diffraction elastic constants the elastic strains are converted to residual
stresses.

Frlctronal stabllrty under wet and dry condltlons of commercral automotlve brake pad materials was
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studied: tests with the interface flooded with water and tests in ambient air at 62% RH.

The role of graphite flake morphology on thermal diffusivity at room and elevated temperatures
was determined by SEM and Laser Flash Thermal Diffusivity (LFTD) methods. The LFTD

maaciiramante wara nhtainad at ranm tamnaratiira and alavatad famnarahlrae anr\ oat a
IHIVAOUITGHIIUI IO YWWOUIL U VUiJiAll ivu al 1uuviing lUIlIPGIalulU alivu vivvailovu lGIIlPG v \Jvl U TiIv/eArL MI A

the linear coefficient of thermal expansion were also determined.

A high sensrtrvrty hlgh speed 256 x 256 pixel IR camera was used to dlrectly image brake discs
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uuuug dynamometer testing. The IR camera was able to accurately determine the temperature

and its temporal changes across both the inner and outer surfaces of the brake disk. The
calibration showed the camera's measurement to be accurate to £1°C.



The neutron residual strain measurements show that the strains along the inboard disc centerline
are compressive, that there is considerable variation of strains from disc to disc and at different
azimuthai iocations within a disc, and that the strains are considerabiy rediced by heat treatment.
However, the magnitudes of the stresses in the cast production brake rotor are small, and
therefore the reduction in stress resulting from heat treatment has to be compared to the cost of

the annealing process.
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for wet slldma only. Interfacial moisture suppressed the formation of thin transfer layers on the

cast iron sliding surface and resulted in the tendency to “grab” just before stopping.
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Tuermdi diffusivity is influenced by subtie changes in che luai uu NpOosition of grey cast ifon. A
ouahlv linear rplahnnehlp exists between room temperatur ermal diffusivity and carbon

équnvalent (CE). For a given CE, microstructures that are not 100% Type A graphlte flake exhibit
reduced thermal diffusivity. When chemical composition is constant there is a strong correlation
between average fiake iength for Type A graphite fiakes and thermal diffusivity

Localized hot spots on brake rotors spinning at 600 rpm were observed and quantitatively
measured in both temperature, time, and Iocatlon by use of a high speed, high sensmwty IR
camera. A snapshot of the brake disk surfaces can be taken each revoiution of the disc. Hot
spots have been observed moving around the rotor circumferentially as well as radially.
Individual hot spots may also split into multiple hot spots. The quantitative measurements will be
compared with thermo-elastic predlctlons from modellng efforts. Hot spots cause localized
thickness variations in the rotor which resuit in torque variations. Such torque variations can resuit
in vibrations in the steering wheel as well as the body of the car.
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